The transcription of endogenous beta interferon mRNA was activated in human embryo kidney (HEK) 
The transcription of endogenous beta interferon mRNA was activated in human embryo kidney (HEK) cells infected with adenovirus type 12 (Adl2) but was activated only inefficiently or not at all in HEK cells infected with Ad5 and rc-l (Ad5 d1312 containing the Adl2 ElA region). The analysis with Adl2 mutants showed that Adl2 E1B products, especially the 19K protein, were important for the expression of the endogenous beta interferon gene and Adl2 ElA products were not involved in the expression. The expression of exogeneously transfected pIFN-CAT (a hybrid plasmid having the human beta interferon promotor fused with the CAT gene) was activated in HEK and chicken embryo fibroblast (CEF) cells infected with either Adl2 or AdS. The analysis of cotransfection of CEF cells with pIFN-CAT and plasmids containing fragments of Adl2 or Ad5 DNA showed that Adl2 or AdS E1B (possibly the 19K protein) was and ElA was not involved in the expression of the exogenous pIFN-CAT.
Interferons (IFN) are a group of proteins with diverse biological activities. The production of IFN is observed in the cells treated with various inducers (8) . Various viruses have been used as the inducers, but the mechanism of the induction has not been clarified yet. Previous studies show that adenovirus type 12 (Adl2) induces IFN with high titers in chicken embryo fibroblast (CEF) cells, but Ad5 induces IFN with low titers (22, 23) . It was also shown that the product of Adl2 early region 1A (ElA) increased low, virus capsid-mediated IFN production, but the AdS ElA product did not show this function (22, 24) . The increased production of IFN with Adl2 is also induced in chicken leukocytes (Toth et (11) . Adl2 in2O5C is an insertion mutant (insertion of 16 bp at the 1,597-bp position) in the E1B 19K region (5). Adl2 dl207 is a deletion mutant (deletion from the 2,323-to 3,183-bp positions) in the E1B 58K region (17) . rc-1 is a nondefective recombinant in which Ad5 d1312 contains the ElA region of Adl2 DNA (18) . The AdS WT and d1312 (deletion from the 448-to 1,349-bp positions) were provided by T. Shenk (6) .
Plasmid DNA. The plasmid DNAs used in this report are shown in Table 2 . TpIF319 refers to pBR322 into which was inserted the human IFN-1 cDNA (600 bp) at the EcoRI site of the vector (21) and was provided by Japanese Cancer Research Resources Bank. pIFN-CAT refers to pSV2CAT into which was inserted the promoter region of the human IFN-P gene and was provided by J. D. Mosca (9) . gElA, gl2SElA, and gl3SElA refer to pSV2gpt into which were inserted the Adl2 WT ElA (12 to 1,596 bp) (19) , 12S ElA, and 13S ElA regions, respectively (12 (14) . The PstI-HindIII fragment (about 500 bp long) from TpIF319 (21) was used as a probe for IFN-, mRNA. (Fig. 2) . IFN-P mRNA was detected distinctly in cells infected with Adl2 WT (Fig. 2, blots 2 (Fig. 2) . The expression of IFN-P mRNA was low inl cells infected with Adl2 d1207 (deletion of the E1B 19K ORF and intact E1B 58K ORF) (Fig. 3A) . IFN-P mRNA was detected in cells coinfected with Adl2 and Ad5 (Fig. 2, blots 13, 14, and 15) . Intensities of autoradiograms seemed to show the relative quantities of mRNA; this was confirmed by dilution of RNA samples (Fig. 3) AdS E1B is and Ad5 ElA is not involved in transactivation (B) were used as probes.
of the exogenous pIFN-CAT, in agreement with the Adl2 results. pIFN-CAT-transfected CEF cells. pIFN-CAT-transfected CEF cells were infected with Adl2 WT, rc-1, Ad5 WT, and Ad2 WT, and the expression of the CAT gene was examined (Fig. 4) ; all infected cells expressed the CAT gene. AdS WT could activate the exogenously transfected CAT gene. The same result was obtained in HEK cells exogenously transfected with pIFN-CAT (Fig. 5) .
To examine adenovirus genes involved in the activation of exogenously transfected pIFN-CAT expression, CEF cells were cotransfected with pIFN-CAT and cloned Adl2 (Fig. 6) ; the expression was low in cells transfected with pIFN-CAT alone (-). The expression of pIFN-CAT was low in cells cotransfected with gElA (WT EMA), g12SE1A (12SE1A), g13SE1A (13SE1A), gdIS-9E1 (dl5-9E1, deletion of E1B 19K and 58K ORF), and g12SE1 (12SE1). It was high in cells cotransfected with gARC (WTE1), g13SE1 (13SE1), gApB (WTE1B, Adl2 ElA promoter fused with the E1B coding region), and gdl7-9E1B (dM1-9EB, Adl2 ElA promoter fused with the E1B coding region deleted in the 58K ORF). The result shows that Adl2 ElA has a low or no activating function, whereas Adl2 E1B, especially the 19K coding region, has a high activation function. The low activation by 12SE1 may be due to the reduction of E1B transcription by the lack of transactivating ElA 13S mRNA.
Since both Adl2 and AdS activated the exogenous pIFN-DISCUSSION The adenoviruses are considered IFN inducers (8) . Most of the adenovirus types induce low titers (50 to 100 IU/ml) of IFN in CEF cells, but some types (Adl2, Adl8, Ad3l) induce high titers (a few thousand international units per milliliter) of IFN in CEF cells (22, 23) . The ElA region is responsible for the enhanced IFN-inducing ability of Adl2 (22, 24) . To determine whether the ElA protein activates the IFN gene, the human IFN-P gene was used. In HEK cells, . At 48 h after transfection, the cell extracts were prepared and assayed as described in the legend to Fig. 4 . Lanes: -, pIFN-CAT only (negative control); pSV2gpt (negative control); WTE1A, gElA; 13SE1A, gl3SE1A; 12SE1A, gl2SElA; WTE1B, gApB; dn7-9ElB, gdI7-9ElB; d15-9E1, gdlS-9E1; WTE1, gARC; 13SE1, gl3SE1; 12SE1, gl2SE1; polyl C, Cells treated with poly(rI) poly(rC) (50 ,ug/ml)-cycloheximide (50 ,ug/ml) for 4 h from 26 h after transfection with pIFN-CAT, and the cell extract was prepared at 16 h after the treatment (positive control).
endogenous IFN-13 mRNA was activated by Adl2 infection but not by Ad5 infection. This finding is correlated with the induction of IFN in CEF cells (22) . However, the endogenous chicken IFN is produced in rc-l (AdS dl312 containing the Adl2 ElA region)-infected but not in d1203 (Adl2 ElA deletion)-infected CEF cells (22) . In contrast, the endogenous IFN-P mRNA was detected in HEK cells infected with Adl2 d1203 but not in cells infected with rc-1 and Adl2 in2O5C (mutation in the ElB 19K region). The result suggests that the Adl2 ElA proteins have no or weak transactivation function and the Adl2 ElB proteins, especially the ElB 19K protein, are involved in transactivation in this system. The positive transactivation function of the ElB is also shown for the exogenously transfected pIFN-CAT DNA ( Fig. 6 and 7 (13) . Mosca and Pitha reported that the stability of IFN-,B mRNA is specified by the coding region, the 3'-untranslated region, or both (9) . pIFN-CAT does not contain the region specified for the stability of IFN-P mRNA. When the pIFN-CAT DNA (probably excess copies) is transfected into cells, the IFN-P promotor is activated directly or indirectly by El proteins of Adl2 and Ad5. The induction of endogenous IFN may also be controlled by these two mechanisms and may require another factor in addition to the El proteins. The establishment of the cell lines with integrated pIFN-CAT DNA and the analysis of the pIFN-CAT expression in the cell line by Adl2 and Ad5 may give us insight into the difference between activation of endogenous and exogenous IFN-1 genes. The differential function between Adl2 and AdS ElA has been described for the regulation of class 1 major histocompatibility complex antigens (16) . In adenovirus-transformed cells, Adl2 but not Ad5 has an active switching-off function on these genes (16) . However, the mechanism of the switching-off function by the Adl2 ElA gene has not been clarified. The induction of the endogenous IFN-, gene as well as the switching off of major histocompatibility complex antigens by Adl2 El will be clues for clarification of the mechanism.
The Adl2 ElB gene is highly active in the expression of exogenously transfected pIFN-CAT in CEF cells, whereas the ElA gene has low activity. Especially gApB (the ElA promotor fused with the ElB coding region) could induce the high expression of the pIFN-CAT as gl3SEL. In this system, the Adl2 13SElA protein may be necessary for activation of the ElB gene. Adl2ElA, pElA; Adl2HindIII-G, pHindIII-G; Adl2El, pEl; SV40 T, pMT-1 (pBR322 inserted with simian virus 40 T-antigen-region DNA); Ad5ElB, pAdS E1B; Adl2ElB, pSV-E1B. polyl C, cells treated with poly(rI) poly(rC) as described in the legend to Fig. 6 ; pSV2CAT, cells transfected with pSV2CAT only (positive control). At 48 h after transfection, the cell extracts were prepared and assayed as described in the legend to Fig. 4 . uninduced cells dissociates from a negative regulatory element upon induction, and this dissociation is followed by binding of another factor to the region that includes the constitutive transcription element. When a large number of pIFN-CAT DNA molecules were transfected into CEF cells, low-level CAT activity was detected. In these cells, the factor bound to the negative region of the IFN promotor may not be enough to shut off IFN gene expression completely.
The exogenous pIFN-CAT was expressed in HEK and CEF cells infected with Ad5 and Adl2, suggesting the existence of the same mechanisms in activation of the pIFN-,3 promotor in CEF and HEK cells. Since the IFN promotor regions from the many IFN gene clones are similar in DNA sequences (2, 15) , the human IFN-P promotor may be activated in both HEK and CEF cells by the same mechanism. The activation of the IFN-P promotor by Adl2 E1B proteins could be used to clarify the mechanism.
